Abstract-In this paper we describe a low cost embedded system for eye movement tracking that supports disabled persons with basic interaction with Bluetooth enabled electronic devices. The method is based on tracking the EOG potential. The device has a built-in 32-bit RISC processor that performs acquisition of multichannel differential EOG signals and signal recognition. Signal recognition is based on cross correlation principle where a simplified triangulated linear model for eye movement is used as a reference signal. The eye movement recognition is more or less user independent, but it takes some time and practice to become familiar with the system for efficient use. The embedded eye movement tracking device communicates with other devices via personal network, which is based on Bluetooth wireless technology. The communication protocol at the application level has been simplified in order to gain plain integration with other devices.
INTRODUCTION
Many diseases and different injuries can lead to a lower level of patient's mobility. As an example, large brain strokes, dystrophy, multiple sclerosis, and injuries to spinal cord can be a reason for high degradation of person's mobility. Though they are of a different origin, they all can cause almost total immobility of the affected person. This condition incapacitates those persons to be able to use common applications and devices in everyday life within the modern information society [1] . Beside this, some of them can communicate only by the eye movements. Primary goal of our research work is to support these patients with a low cost human machine interface system through which they could communicate with the rest of the world. In this way we can regenerate their use of computers and electronic devices, and consequently their electronic communication with others. Such a device makes it possible for them to enroll in society at least to a certain level and help them to utilize their confined options to the highest limit. There are many possibilities how to measure eye movements: by camera, special contact lenses and Electrooculogram EOG potential [2, 3] . This paper presents the possibility to make use of EOG signal.
II. HARDWARE
EOG potential is the resting potential of retina. This resting potential sums up between 10 mV to 30 mV, and is linear proportional to eye movements in the area between -30 and +30 degrees. Those signals can be measured by proper electrode attachment. In our case we use three pairs of hypodermic electrodes, that represent three differential EOG signals. (See Figure 1 ). The analog part consists of four two-stage amplifiers and low pas filters. First stage of each channel amplifier is constructed as a differential amplifier with gain set to 100. The second stage of each channel amplifier also contains an amplifier with gain set to 10, and a 50 Hz low pas filter has been added to this stage. Thus the whole amplifier for each of the channels has amplification of 1000 and highest frequency of the signals is set to 50Hz as the acquisition sample rate for each particular channel is 100 Hz. The electrode A (see Figure 1) represents the common return signal, which is used to compensate the common potential on the user's face and to remove the common mode signals that appear on differential inputs of electrode pairs of each channel as interference signals. The common return signal is formed as an inverted sum of common mode signals from all differential amplifiers in analog fashion with an integration time constant of 2.2 seconds. Common mode rejection factor over 80 dB is reached, which is almost adequate to 14-bit resolution. 
III. SIGNAL RECOGNITION
Many ways to solve this problem have already been proposed. One of the most known methods is to use signal normalization method, where authors propose normalization of all signals and compare them to already known waveforms. Some of the proposed and published methods represent more advance signal processing algorithms, which involve wavelets [5] [7] and neural networks [6] . The recognition process within our research work represents the implementation of a mapping algorithm that translates multi-channel EOG signals into a simplified command set for the human machine interface. Due to already mentioned low frequency range of the EOG signals we have chosen the correlation principle as one of the most basic approaches to recognize the signal patterns. We have used the cross correlation method that has been defined by equation (1): where x represents the acquired digital input signal, previously windowed by a rectangular window of 100 sample and y represents the reference signal. Windowing to the digital EOG input signals is applied sample wise by moving the window for one sample and consequently calculating the cross correlation with the reference signal for each sample. Values of r(x, y) are normalized to the interval [1, -1] by the implication of the equation (2) . If the acquired digital input signal and reference signal are completely equal the cross correlation value reaches 1, and respectively if the calculated cross correlation value drops to -1 this denotes that an inverted or reversed phase signal is present. The case in which the cross correlation value reaches 1 describes a situation when a person gazes into the direction that is adequate to the reference signal, and contrary when the person gazes into opposite direction the cross correlation value reaches -1. Figure 5 demonstrates the results of the cross correlation (C) with a reference signal (A) and the acquired differential EOG signal (B) from one of the experiments where a person first looks left and then right. It is shown that the cross correlation value increases when the left gaze input signal is present, and it drops when the right gaze signal is present respectively [8] . Due to the very slow integration constant of the common return signal the DC component appears in the differential input signal. The DC component influences the efficiency of the cross correlation result and therefore it has to be removed from the differential signal. In order to achieve this, we have applied a 1 Hz first order high pass IIR filter to all the digital input EOG signals at the software layer. The IIR filter is defined by equation (3):
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where x(n) and y(n) are input and output signals, and a0 represent first filter pole. The result of the applied high pass filter can be seen on figure 6 , where it can be seen that the DC component has been successfully eliminated, but the shape of resulting EOG signal has also been changed. According to this filtered differential EOG signal the reference signal was defined by a triangulated linear model. The show results are been obtained by a prototype device. The selection and modeling of reference signal is highly important as it has a direct influence on the recognition process efficiency. One option would be to use a previously captured part of the input signal as the reference signal (A), but we decided to use a simplified triangulated linear model as the reference signal (B), which was approximated from the original input signal (A) (see figure 7) . The simplified triangular model was used in order to achieve better adaptation to different amplitudes and timings of the input signals. By use of the proposed simplified triangular model it is understandable that the signal pattern recognition process requires an appropriate threshold value in order to successfully recognize eye movements. IV. RESULTS
B: Filtered signal
The following example shows an acquired differential EOG signal between G and F electrodes (see figure 1) . The input EOG signal (B) shown on the figure 7 is constituted of five gazes to the left and four gazes to the right. In the first case a part of a previously captured input signal was used as the reference signal (A), and the DC component was not removed from the input signal. In such a case it is difficult to define the appropriate threshold value as the DC component influences the computation of the cross correlation value (C) and drops the recognition rate. The EOG input signal (B) for the next example (see figure 8) is the same as within the previous example, but the high pass filter was applied to remove the DC component. The simplified triangulated linear model (A) was used for the reference signal. In this case the resulting cross correlation function shows better recognition results as we eliminated the influence of the DC component within the input signal and consequently it is easier to define the appropriate threshold value.
V. CONCLUSION
The implementation of an embedded battery powered low cost device is shown, which includes the EOG signal pattern recognition algorithm for eye movement tracking in order to support disabled people with mappings of recognized eye gaze gestures to a simplified command set for navigation and control of Bluetooth enabled devices. Because of the limited processing power the cross correlation principle was used as the recognition method, which proved it self to be suitable for this purpose with use of a simplified triangulated linear model for the reference signal. The shown results have been obtained by a prototyped device. 
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